Hypertension is highly prevalent in South Africa, resulting in high stroke mortality rates. Since obesity is very common among South African women, it is likely that obesity contributes to the hypertension prevalence. The aims were to determine whether black African women have higher blood pressures (BPs) than Caucasian women, and whether obesity is related to their cardiovascular risk. African (N ¼ 102) and Caucasian (N ¼ 115) women, matched for age and body mass index, were included. Correlations between obesity (total body fat, abdominal obesity and peripheral fat) and cardiovascular risk markers (haemodynamic parameters, lipids, inflammatory markers, prothrombotic factors, adipokines, HOMA-IR (homoeostasis model assessment insulin resistance)) were compared between the ethnic groups (adjusted for age, smoking, alcohol and physical activity). Comparisons between low-and high-BP groups were also made for each ethnic group. Results showed that African women had higher BP (Po0.01) with increased peripheral vascular resistance. Surprisingly, African women showed significantly weaker correlations between obesity measures and cardiovascular risk markers when compared to Caucasian women (specifically systolic BP, arterial resistance, cardiac output, fibrinogen, plasminogen activator inhibitor-1, leptin and resistin). Interestingly, the latter risk markers were also not significantly different between low-and high-BP African groups. African women, however, presented significant correlations of obesity with triglycerides, C-reactive protein and HOMA that were comparable to the Caucasian women. Although urban African women have higher BP than Caucasians, their obesity levels are weakly related to traditional cardiovascular risk factors compared to Caucasian women. The results, however, suggest a link with the development of insulin resistance.
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Introduction
Hypertension in South Africa is a widespread problem of immense importance because of its high prevalence in urban areas, its frequent underdiagnosis and the severity of its complications. [1] [2] [3] As a result, black South Africans have a stroke mortality rate twice as high as that of Caucasians. 1 Multiple causative factors have been proposed to explain the high hypertension prevalence, including lower plasma renin levels, 4 sodium abnormalities, 5 epithelial sodium channel changes, 4 altered genes regulating the renin-angiotensin-aldosterone system, 4 increased peripheral vascular resistance 1 as well as increasing obesity prevalence. 6 Besides the high hypertension prevalence in South African urban areas, rapid urbanization has also led to high rates of obesity, especially among urban black African women. [7] [8] [9] The South African Demographic and Health Survey showed in 1998 that 56.6% of South African women were overweight or obese. 8 Unfortunately, obesity is becoming even more revered among African women because it signals HIV negativity and wealth. 10 Given the known detrimental cardiovascular effects of obesity, it is highly likely that obesity could be the driving force for the high levels of hypertension observed in urbanized black South Africans. However, previous studies have shown different associations between obesity and hypertension in various ethnic groups. 11, 12 In recent years, much research has been carried out regarding the prevalence rates of various cardiovascular risk factors in South Africans, but none of these studies has directly compared the characteristics of African women with a control group. Therefore, a controlled study was carefully planned and executed during 2003 and 2004. The POWIRS (Profiles of Obese Women with the Insulin Resistance Syndrome) study specifically focused on the cardiovascular risk factors of lean, overweight and obese urban African women, compared to ageand body mass index (BMI)-matched urban Caucasian women from South Africa.
The aims of this paper are to confirm that age-and BMI-matched African women have higher blood pressure (BP) than their Caucasian counterparts and to determine whether obesity is strongly linked to reported cardiovascular risk markers (including lipids, prothrombotic and inflammatory markers, insulin resistance and adipokines) in black African women.
Materials and methods

Study design
The POWIRS study consisted of two cross-sectional studies, of which the first was performed on 102 apparently healthy African women. This study, as described below, was later repeated on a group of 115 Caucasian women. The individuals in these two groups were individually matched on the basis of age and BMI. We attempted to obtain a sample of African women from a high socio-economic class, and therefore we recruited African women employed at a government institution. A dietitian employed at the institution recruited the subjects according to the initial study design.
The Caucasian women were also recruited from an urban area with the help of a research nurse who advertised and matched participants. All participants live in the Potchefstroom district, South Africa. For a complete description of all procedures, measurements and questionnaires performed during this study, refer to Schutte et al.
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Participants between the ages of 20 and 55 years were recruited on the basis of their BMI. The total group could therefore be classified into three different, approximately equally distributed, groups, as described by the WHO (World Health Organization):
14 lean with BMI of 18.5-24.9 kg m À2 ; overweight (that is, pre-obese) with BMI of 25.0-29.9 kg m À2 and obese with BMI X30.0 kg m À2 . Within the three obesity groups, the BMI distribution of the two ethnic groups was similar. 15 Exclusion criteria were pregnancy, lactation, diabetes mellitus, treatment for mental or neurological diseases requiring the use of any medication, or an oral temperature (infrared) higher than 37 1C.
After an explanation of the experimental procedure and set-up, all participants gave written informed consent for their participation. The Ethics Committee of the North-West University approved the study, and all procedures followed were in accordance with institutional guidelines.
The data collection for all participants was performed at a Metabolic Unit Facility (consisting of 10 single bedrooms, two bathrooms, a kitchen and living room) at the Potchefstroom campus of the North-West University. Participants completed general health and physical activity questionnaires, received a light supper (excluding alcohol and caffeine) at 2000 and fasted overnight. The participants went to sleep before 2300. This was done to ensure a stable and resting BP the following morning.
Cardiovascular parameters were recorded the next morning before breakfast. Subjects were not permitted to walk around or eat or drink anything (except water) before completion of the readings. Later fasting blood samples were collected and serum and plasma samples were prepared and stored using appropriate methods.
We collected data from the African subjects during 
Anthropometric measurements
Anthropometrists measured the participants on the right side of the body while the subjects presented themselves in minimal clothing. They measured height (stature), weight, skinfolds (triceps and iliac crest), sagittal abdominal diameter, and hip and waist circumferences with calibrated instruments (Electronic Precision Health Scale accurate within 50 g, A&D Company, Tokyo, Japan; Invicta Stadiometer with accuracy of measurement of 0.1 cm, IP 1465, Invicta, London, UK; Lufkin non-extensible, flexible steel tape (W606PM), calibrated in centimetre with millimetre gradations; Harpenden skinfold caliper with a constant compression of 10 g mm À2 , calibrated to 40 in 0.2 mm divisions). Measurements were done using standard anthropometrical methods. 16 During these measurements participants stood erect, feet together, without voluntarily contracting the gluteal muscles. Measurements were standardized and taken in triplicate. Fat percentage was determined by means of air displacement plethysmography, making use of the Bod Pod system (Life Measurement Inc., Concord, CA, USA), 17, 18 in all Caucasian participants and in 52 of the African participants.
Cardiovascular measurements
One trained researcher took duplicate BP readings by making use of a single-headed stethoscope and a 19 This entailed a 7-min continuous recording of each subject's cardiovascular parameters under resting, yet awake, conditions. After the first 2 min, the finger pressure was calibrated with the upper arm (brachial) pressure (that is, return-to-flow systolic calibration). This optimized the accuracy of the readings taken. The last 2 min of each recording were used to calculate the cardiac output, total peripheral resistance and Windkessel arterial compliance.
Biochemical analysis
Lipid levels were measured on a Vitros DT60 II Chemistry System with Vitros DT slides, highsensitivity C-reactive protein (CRP) levels with a high-sensitivity C-Reactive Protein Kit from Immage Immunochemistry Systems (cat. no. 474630; Beckman Coulter Inc., Fullerton, CA, USA), serum tumour necrosis factor (TNF)-a with a Quantikine High Sensitivity Human TNF-a/TNFSF1A Immunoassay (ELISA) (cat. no. HSTA00C; R&D Systems, Minneapolis, MN, USA) and plasma fibrinogen levels using the ACL-200 automated coagulation analyzer (reagents from Instrumentation Laboratories, Milan, Italy). A modified method of Clauss 20 was employed to obtain fibrinogen measurements. Plasminogen activator inhibitor-1 activity (PAI-1 act ) was measured with an indirect enzymatic method (cat. no. 101201, Spectrolyse pL; Bipool, Umeå, Sweden) and the Von Willebrand factor (vWF) antigen levels with a collagen binding assay as previously described. 21 Serum leptin was obtained with a 125 I IRMA kit (cat. no. DSL-23100; Diagnostic Systems Laboratories Inc., Texas, USA) and adiponectin levels with the Human Adiponectin ELISA kit (BioCat GmbH, Heidelberg, Germany), which detects all forms of the adiponectin molecule. Serum resistin levels were determined with a Resistin Human ELISA kit by Phoenix Pharmaceuticals Inc., Belmont, CA, USA (cat. no. EK-028-36) and plasma glucose with the hexokinase method (interassay CV 1.5%). Analysis of insulin levels was performed by enzyme immunoassay (BioSource Europe SA, Nivelles, Belgium; interassay CV 7.5%). Insulin resistance was estimated by the homoeostasis model assessment insulin resistance (HOMA-IR) index) calculated as the product of fasting glucose and insulin, divided by 22.5.
Statistical analysis
All statistical analyses were carried out using Statistica version 7 (StatSoft Inc., Tulsa, OK, USA, 2004) software. Parameters that were not normally distributed were logarithmically transformed, and these included SBP, total peripheral resistance, triglycerides, CRP, fibrinogen, PAI-1, leptin, resistin and HOMA-IR. Independent t-tests were performed to compare the two ethnic groups in terms of age, anthropometric, cardiovascular and clinical measurements. The w 2 tests were performed for categorical data. Partial correlations were performed to determine the correlations of the various anthropometric measures with the different cardiovascular risk markers, while adjusting for age, smoking, alcohol intake and physical activity. Fisher's Z transformation was done to determine whether the correlations of the African and Caucasian women differed significantly (Po0.05). The participants of each ethnic group were divided into lowand high-BP groups based on median splits of the mean arterial pressures to ensure equal group sizes (median cutoffs were 92.7 mm Hg for African and 89.0 mm Hg for Caucasian women). Significant interaction terms were determined by analyses of covariances between cardiovascular risk markers and BP groups (low and high BP) for each ethnic group, while adjusting for age, smoking, alcohol intake and physical activity. Using analyses of covariances, the cardiovascular risk markers of the low-and high-BP groups (within each ethnic group) were compared to test for significant differences, while adjusting for age, smoking, alcohol intake and physical activity (Table 2) .
Results
The clinical and anthropometric characteristics of all participants are shown in Table 1 . From these results, it is clear that although the two ethnic groups had the same mean age and BMI, the Caucasian women were significantly taller and heavier (Po0.05). They also had a larger mean waist circumference, whereas the African women showed a significantly larger sagittal abdominal diameter.
The African women had significantly higher SBP and DBP, characterized by a significantly higher arterial resistance and lower cardiac output. The triglyceride levels were lower in the African women compared to the Caucasian women, but the African women had higher levels of fibrinogen. The Caucasian women presented with much higher PAI-1 levels, but lower leptin levels. The two ethnic groups had similar levels of the inflammatory markers, vWF, the adipokines, that is, adiponectin and resistin, and insulin resistance (HOMA-IR).
In Figures 1-3 , the correlations between various obesity measures with cardiovascular risk markers are compared between African and Caucasian women. In Figure 1 , the Caucasian women tended to have stronger correlations between the measures of obesity and the cardiovascular parameters (even though the African women had significantly higher BPs and arterial resistance than the Caucasian women). This was most evident for correlations with cardiac output.
In Figure 2 , it is clear that the correlations of obesity measures with triglycerides, CRP and HOMA-IR were similar in the two ethnic groups. Both groups also showed weak nonsignificant correlations between obesity measures and TNF-a (data not shown).
The correlations between both prothrombotic factors (fibrinogen and PAI-1) were significantly stronger with obesity measures in the Caucasian women ( Figure 3) . Though all correlations with vWF were weak (data not shown), the African women had stronger correlations between obesity measures and vWF than the Caucasian women (ranging between (Table 2) : both high-BP groups showed significantly higher levels for most cardiovascular risk markers (except for adiponectin which had significantly lower levels). However, the high-BP African group had similar levels of HDL cholesterol, TNF-a, fibrinogen, PAI-1, vWF, leptin and resistin compared to the low-BP African group. The Caucasian high and low-BP groups had similar levels of TNF-a, adiponectin and resistin.
Discussion
The first aim of this paper was to confirm that ageand BMI-matched African women have significantly higher BP compared to Caucasian women. Not only did African women have higher BP and hypertension rates, but also significantly higher arterial resistance and lower cardiac output. According to Opie and Seedat, 1 arterial resistance is often assumed to characterize hypertension in African Americans, but few studies exist in black South Africans. Our results in black South Africans therefore support the studies in black Americans, namely high BPs characterized by high vascular resistance. The present study did not assess the urinary sodium excretion rates of participants, but it is suspected that sodium sensitivity 1 and a high intake of sodium might play an important role in the high hypertension rates.
The second aim was to determine whether the high level of obesity seen in black South African women 8 is linked to cardiovascular risk markers. The obesity measures used represented total body fat (BMI and fat percentage), abdominal obesity (waist circumference, sagittal abdominal diameter and the iliac crest skinfold) and peripheral fat (triceps skinfold). Although the aim of the study was not to compare the correlations of abdominal versus peripheral or total fat measures, it is noteworthy to mention that although the correlations of abdominal obesity measures were usually the strongest, peripheral and total obesity measures compared quite well in most instances. The most prominent result of this study is that obesity measures in African women correlate much weaker with cardiovascular risk markers when compared to Caucasian women. This statement should not be misinterpreted, that is, obesity is not linked to cardiovascular risk markers in African women. In fact, the high-BP group of African women indicated significantly higher values for all obesity measures than the low-BP group, and there were also significant correlations between cardiovascular risk markers and obesity measures. But it is striking that even though the black South Africans have higher BPs, vascular resistance, fibrinogen and leptin levels than Caucasian women, the relationships of these risk markers with obesity are significantly weaker than those of Caucasians. Okosun et al. 22 found opposite results, namely that abdominal obesity of African-American women was more strongly associated with increased odds of prehypertension than for Caucasian women. However, it remains uncertain as to what extent South African and African-American populations could be compared. 1 The mechanisms to explain the weaker correlations of cardiovascular indices and obesity in the African population remain unclear. But during the past few years genetic differences have been found regarding hypertension 23 and diabetes susceptibility, 24 as well as lipid levels 25 between the South African black population and the Caucasians who are from European descent. Because the present study aimed to exclude environmental influences when investigating this relationship, it is speculated that genetic differences regarding cardiovascular function in Africans (which have perhaps not been discovered yet) might be accountable for the effects observed in this study.
Our study is not the first to report the relatively weak association between obesity and BP in African women. In 1990, it was published by Walker et al. 26 that obesity in black South African women of low socio-economic class has minimal effects on hypertension, hyperlipidaemia and hyperglycaemia. The present study, however, focused more on urbanized working women and did find strong relationships between obesity and insulin resistance and inflammatory markers, suggesting that with a more Westernized diet and lifestyle obesity's detrimental effects could emerge. This corresponds well with the recent South African INTERHEART study results, which showed that the risk for acute myocardial infarction increased with higher income and education in black South Africans. 27 The cardiovascular risk markers of the Africans that correlated significantly weaker with obesity than Caucasians are remarkably similar to the risk markers that did not differ significantly between the low-and high-BP African groups, namely HDL cholesterol, the prothrombotic factors fibrinogen and PAI-1, leptin and resistin. It could therefore be speculated that these traditional cardiovascular risk markers might not have similar detrimental cardiovascular consequences in Africans, even though Africans might have higher levels of fibrinogen, for example.
These results could implicate that the levels of clinical markers should not necessarily be compared between ethnic groups, as the effectiveness and sensitivity of a specific biochemical marker might be completely different in an ethnically distinct group. Two good examples are the fibrinogen and resistin levels in the present study. The African women had significantly higher fibrinogen levels than the Caucasian women, which is also in line with previous research. 28 In fact, the high fibrinogen level in Africans is suggested to be the causative factor for the high stroke prevalence observed in Africans. 29, 30 Nevertheless, fibrinogen did not correlate with any obesity measures, and the values were not significantly increased in the high-BP group.
Resistin levels, on the other hand, were similar in African and Caucasian women, but only Caucasian women presented with significant associations of this factor with obesity.
The three cardiovascular risk markers that did correlate well with obesity in the African women are all strongly linked to the metabolic syndrome, 31 namely triglyceride levels, CRP and HOMA-IR resistance. Obesity in African women might therefore initially lead to the development of insulin resistance, 32 characterized by a low-grade inflammatory condition, 33 which is associated with the development of atherosclerotic plaques. 34 It should also be kept in mind that the women in the present study were relatively young (31.2±8.64 years), and though they do exhibit higher BPs than Caucasians, atherosclerosis might develop with increasing age. This result could therefore mean that obesity in Africans might exert its risk primarily via the development of type II diabetes, contributing to the development of cardiovascular complications with increasing age.
Although the POWIRS study provides a wide range of information regarding the cardiometabolic risks of African and Caucasian women, this study has a number of limitations. Because of the crosssectional study design, all results are based on associations. Therefore, we cannot infer causality. Furthermore, although special care was taken to involve African and Caucasian women that were both employed and from an urban environment, they still come from different environments, which could have influenced the results. The different seasons and 1-year time difference in data collection might have had an influence on the results, even though the average daily temperatures of both data collection periods are quite similar (before and after winter season). It would have also increased the significance of the study if more participants and data regarding menstrual phase were included. The authors also realize that one of the golden standards and reference methods for measuring obesity was not used within this study, namely Dual-Energy Xray Absorptiometry (DEXA), but due to financial constrictions it was decided to use other more costeffective measurements to assess obesity.
In conclusion, this study confirmed with convincing evidence that African women have significantly higher BPs than Caucasian women (matched according to age and BMI). Even though the African women had higher BPs, their cardiovascular risk markers showed unexpected weak correlations with obesity measures when compared to their Caucasian counterparts, raising the question whether obesity should be considered a cardiovascular threat to these women. However, their obesity measures linked strongly with markers that are more closely related to type II diabetes, such as triglycerides, inflammation and insulin resistance, and this could implicate that obesity in African women might have a primary effect on the development of diabetes, and secondarily on cardiovascular disease. What is known about the relationship between obesity and hypertension in South African people? K Obesity in South Africa (56.6% of South African women 8 ) might be one of the causative factors for the high hypertension prevalence. 1, 6 K In 1990, it was published that obesity in black South African women of low socio-economic class had minimal effects on hypertension, hyperlipidaemia and hyperglycaemia. 26 What this study adds K Compared to Caucasian women obesity measures of African women correlate weakly with cardiovascular risk markers, such as SBP and fibrinogen. In contrast to previous studies, strong relationships of obesity with triglycerides, insulin resistance and inflammatory markers were shown for urban African women. K The Caucasian women showed significantly stronger correlations of adipokines with obesity measures than African women. K The characteristics of African women (lean to obese) have never before been compared to a control group of other ethnic background (individually matched based on age and body mass index).
